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Impact of Compactive Effort on Soil Strength of Glacial Lake Columbia Soils
Alex Navarra, Dwight Hendrickson, Jaremy Shaw
Dr. Orndorff, Faculty Mentor 
Abstract
Glacial Lake Columbia (GLC) existed from 15,550 (+/- 450) to 
13,050 (+/- 650) years ago (Atwater, 1986) as a result of the 
Okanagan Lobe of the Cordilleran Ice Sheet damming the 
Columbia River near present-day Grand Coulee Dam. The lake 
deposited a fine-grained basal layer that had interbeds of 
coarse Missoula Flood deposits and later lake deposits above. 
Because these GLC deposits are present around most of the 
Spokane area, they are important to civil engineering and 
development.  We sampled the basal layer of GLC soils from 
the Peone Prairie, WA. We performed prerequisite testing 
before the main experiment, with ASTM D422 for particle size 
along with coefficients of uniformity and curvature, D854 for 
specific gravity, D698 for optimal water content, and D4318 for 
liquid and plastic limits along with plasticity index. We 
performed the main experiment according to ASTM D2166 to 
determine unconfined compressive strength at varying 
compactive efforts. We performed three unconfined 
compressive strength tests at a CE of 7,425 ft*lbs/ft3, a CE of 
12,375 ft*lbs/ft3, and a CE of 17,325 ft*lbs/ft3. The ultimate 
strength for a CE of 7,425 ft*lbs/ft3 is 4,290.26 psf, and the 
theta angle is 60°. The ultimate strength for a CE of 12,375 
ft*lbs/ft3 is 5,519.07 psf, and the theta angle is 68°. The 
ultimate strength for a CE of 17,325 ft*lbs/ft3 is 7,077.58 psf, 
and the theta angle is 68°. We determined that ultimate 
strength increased with compactive effort. The Unified Soil 
Classification System name for GLC soils is ML.
Conclusion
• The ultimate strength for a CE of 7425 ft*lbs/ft 3 is 4290.26 
psf, and the theta angle is 60°.
• The ultimate strength for a CE of 12375 ft*lbs/ft 3 is 
5519.07 psf, and the theta angle is 68°.
• The ultimate strength for a CE of 7425 ft*lbs/ft 3 is 7077.58 
psf, and the theta angle is 68°.
• We determined that ultimate strength increased with 
compactive effort. 
• The collective results allowed us to determine a Unified Soil 
Classification System name for GLC soils as ML.
• The CBR indicates that the soil would make a good 
subgrade, and a fair subbase. 
References
Balbas, A., Barth, A., et al., 2017, 10Be dating of late Pleistocene megafloods and 
Cordilleran Ice Sheet retreat in the northwestern United States: Geology 
Society of America, v. 45, p. 583–586. doi:10.1130/G38956.1
Atwater, B., 1986, Pleistocene Glacial-Lake Deposits of the Sanpoil River Valley, 
Northeastern Washington: US Geological Survey Bulletin, p. 1-37
MacIver, B., Hale, G., 1970, Engineering and design: laboratory soils testing: 
Department of the Army Office of the Chief of Engineers, Engineer Manual 
No. 1110-2-1906, p. III-31
Unified Soil Classification System
There were no organics. More than 50% of the sample 
passed the No. 200 sieve. The LL was less than 50. The sample 
plotted below the A line on the plasticity chart, and was 
inorganic, resulting in an ML soil.
Optimum water content for compaction and max dry
unit weight with 95% accuracy intervals.
Particle size distribution curve for GLC soil.
Stress versus strain for unconfined compressive strength 
testing showing ultimate strength for each trial.
Mohr’s circles left to right: 15, 25, & 35 blows/lift, respectively. 
(measured in psi)
Location map of sample site, Peone Prairie (left)
Outcrop of basal unit similar to sample site (right).
Map showing extent of Glacial Lake Columbia (Balbas, 2017)
Plasticity Chart showing PI versus LI, plotting GLC soil as more 
characteristic of lean clays, in the ML range. Modified from 
MacIver, 1970.
The engineers at work. From left:
A. Navarra, D. Hendrickson, J. Shaw.
A compacted soil sample in the load frame prior to test (left). Compacted soil sample broke along 
failure planes; the theta angle was measured from the horizontal (left, below).
Trial Gauge readings PSI Mohrs circle results PSI
15blows/lift Normal stress x 0 Normal stress x 22.5
Normal stress y 30.006 Normal stress y 7.5
Shear stress xy 0 Shear stress xy 13
25blows/lift Normal stress x 0 Normal stress x 32.9
Normal stress y 38.327 Normal stress y 5.4
Shear stress xy 0 Shear stress xy 13.3
35blows/lift Normal stress x 0 Normal stress x 42.3
Normal stress y 49.185 Normal stress y 6.9
Shear stress xy 0 Shear stress xy 17.1
ASTM Standards Test results
D 422 Particle size
<#200 56.40%
Sand 43.60%
Gravel 0
D 854 Specific gravity 2.54
D 698
Optimal water 
content 17%
D 4318 Liquid limit 23
D 4318 Plastic limit 28
D 4318 Plasticity index 5
D 422
Uniformity 
coefficient 15
D 422
Coefficient of 
curvature 1.67
D 1883
California Bearing 
Ratio 16.76%
